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·:, .Automatic · sYiltactic analysis of -text by iuachine techniques is a 
. 
. prer~q~site for any attempt at automatic indexing that goes beyond 
• I 
:- ~ .. ' 
simple lrord lists or statistical anal~sis e Various weJJc$c=knmm auto=-
matic syntax analyzers have been developed· .for both automatic indexing · 
. 
' 
.... . ,, . 
progr~s and -mecha.nical translation programs o It is of ip.terest to 
. 
. 
note that all these automatic syntax analyzers use the general technique · · . 
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of looking up -each word in the text to b.e analyzed in a previously· con,. . 
structed dictionary ·which 1ists for the v1ord its possible · syntactic 
roles (!o~Oj parts of speech)o The,possible combinations of syntactic 
rol.es of -.the words II in the -string are then tested until a combination is 
found that is sententialo [7] Quite elaborate grammatical rules have 
:1 been developed to compute which combinations of roles are sentential 
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-·- ·successful but excessively expensive in machine time" [2] The diction-· 
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ary- lookup procedure ·1s a major expense and the dictionary itself mtU1t 2--------!, 
be updated with new entries manually prepared when new vocabulary is 
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• hibitive1y time coqsuming if features are·not included in the ·rules ,, 
for early t~rmination of non=..sentential strings of word roles. · However -
__ : . : ~--. · ·.:. -- even- well constructed anal.yzers consume ·on· the----average- 11_-~large·:"litnount~~~-~-------'-~-- ···-·····----- ···• .· ··c·:-.r,_,,. ·-,.·,,~:···· 
. ' .. - . ~. 
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of tim.e per sentence-analyzedo The expen~e of such analyzers would 
" 
· generally prohibit their use in indexing large amounts of text. 
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indexing system since such ambiguity cannot be resolved by machine 
techniques O A pragtnat;tc approach to ~utomatic· . syn.ta~ analysis .might· 
' do well to ignore syntactic am.bigui ty and to require · only one possibl~. 
j·l 
analysis of each sentenceG 
• I ' 
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The question now a.rises if ,qther more ~conomical machine -,techniques 
for syntax analysis. c~n, be devised for use in automatic indexingo . ' . . 
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1 A measure is -then proposed for computing 
the strength or ·width within a document of. a 
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a document is taken to define the document 2 s conceptual area; the 
document then is regarded as a.logical construction out of index terms. 
The general method to compute the widths of terms in docum.ents is 
as follows (f.or an, illustration of the application ··o:r this lll.ethod see 
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. identify and relate the 1·rords finally selecte~ as i·ndex 
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indexing procedure ~rill have negligible effect upon : adeqwate indexing Q 
Assured then of the sentential nature of the word strings to be 
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' dealt 'tdthJ) ire may maJte use of this sentential nature in the con-= 
struction of our analyzer o I shall now exam:i.ne an algorithm for . 
dis~inguishing sentences from. non=-sentences which depends upon a kind. 
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• - • ' ·, ·1 •• 
'.· . 
,, .. 
' ,..,~.- .·. ' " 
. I 
--· .. ,-1.. 
~e different words; but. the rrord work occurs 
- - twice in tre work best 1:1hen ~ like. our ,iork, 
· although it functions as a verb in the first 
. -- __ ..:..:.'....-,.-•,-... 
. . --- •:, . 
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place and as a noun in the second_~c~'l'_o ~ft§Cctib~e====.=_ ':== .. ========.==== 
~~~~~==========;:: ___ =.==~ti;,Ii~e~····· function of-a word-··Or~ eipression-we ascribe . 
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·- • ~ •• ' • • •• > ... 
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,., •'i,, .,,,;: 
- --- -- ----. ------~----
'· .. 
:· .. - .··.-> 
. 'I 
/ . 
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·. !., the type of s~ijt~nc~s, and· !!~ .. the type of. names • 
For the sake of simplicity, we here restrict . . . 
. ,-=,--"~~-· ··-·--,-,,·,~" •.• ,., ........ ·--_:_-sentence to denote complete declarative sentences, 
-~···\ ·. . . ruling out requests and questions ( as well as most 
. '.. . ,, 
I ,,. .. ' 
replies, which are usually incomplete)o .BY a name 
we understand primarily a proper name, such as 
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• I John or NaEoleon. Bu:t l{e shall ~lso assign 
type!! to all expressions which can occur in 
..... -- -··.·:- ·. -~- ' ... ·'----· --- ··-· -···---· . ' ·any context in which all' prqper names. can occur e 
,, ' 
. T~us type n is ascribed to the so4!alled · class~ 
-
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· nouns milk, rice o e o ,, o o o. .. ' ' . . ,"I . r 
. From the primitive ty:pes 1:1e form compound 
types, by the recursive definition: If·!. and 'l,, 
are types, th~µ · so. are !/ y_ ( read_ *. over x) a1:1d 
.. __._ .. -·· .. ~, ~-. --.:------. ~-·-·--- · :.\E. · (1~ead y_ under·~" .. The meaning· of' these. tvto 
- ,. - •• --- » ··--· • 
·• 
kinds of di vision wil~ be made clear by tt10 ···· ·· 
exa:inpleso 
The adjective poor modifies the name John 
from the left, producing the noun-phrase poor · 
Johne tve assi_gn to it type E:fp_o 
-- - -,-. 
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transfqrms the name.John from the right into 
. , the sentence John wrorks O "t-1e assign · to it type 
........ -n\s · .· · . ·. · · . 
--· 
.. In general,- an expression of type !fy_ when 
followed by an expression of ~ype i. produces an 
expression of .typ~ ~' and so doe~ an expression 
of tn,e i\tf t..rh7n precede~ by an express_ion _ of 
, t~e · z O ·· i}e 1vr1 te symbolically . · 
_. . · ~-1 
(1) (!}"l)y_ -> ~, '::f.(l.~ -> ~-
, .. 
• ..• ::-.>-'' 
· [6] (pages 155-156). 
.. 
....... 
. : '-
,..- ,.·._, 
.. 
' .:., . 
-,! 
•· ~- ... 
. •. 
. . '. ~ -
I' 
- -- ---- -- - -------- ~~·-- ~~---- ' --·- --···-
. . ------ . - ---- ------------ -- . ·-· - . -
--- -- -
-• - -- -
.... -· -- - .. --··-· __ .:. __________ - ·-···_··-----~----------·-· - -- --~- --~------ -
.--------- ·-----·~: -· - __ ,. ----'-,----':.:c._..;._;_· ___ . ---------·---,-· 
·-- --·--·--· - •• -- .;a 
-- -- -····-------· ________ .__. ' - . :-- -- . 
. -
-
,.. . . : : , ~ 
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Note that types are · so assigned as tQ_yield the syntact-ic ___ typec.:~-2_:.:~"-C..~'"" · · · 0 - - -- . 
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·. · ·:. s· · for strings of words . that already are. kµow to be senten.ceij • By · ... ···.·• . . 
. · .. 
, ·. · this-·method type ·assignment can be developed for individual ~ords, . · 
' •. 
!\ 
-· 
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·-:---~~-----~- --•. ·.-,,--__ :=_. !..:&· ,- --1-th~=-----tn-Jnt' witnsome~iordsliaving··two ·or. more- types;-~~&~; ' - ·--- ·-, 
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word grouping or phrasing to determine types. . To mechanically compute·:· · ·. 
, _the type of· .a,. string .. of English l!Ords from·a.:__given .. -·type·-11·st·tne.:. .. : .. _ ... ,-~~~ . 
..... ' 
.,.,,·-·."' ... ~~·-.·· - -·-········ following procedure could be used; 
I. Insert brackets in all. admissible ways. 
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, t:trpe of the total expression o 
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.. ---·~ ··--~---~----- ------·-·---· --- --- ·- ... ' .. IV o Select· th.at method of _grouping and that type 
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is as follows (n~ - .de;notes plural nollll) • 
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Ill\ 5 tr requires a; type O ll ! to the lef~i:J f-f . the · Stri~g Of Corresponding 
·words is to be a ~entence Q • This r1ill be further discussed .beloir o 
The simple. requirements of our indexing scheme for our syntactic . 
.., .. ,,, ·--·-'"'-"~--
- anaiyze1"tl and the nature of the above sentential algorithm. suggest,. 13. 
. possibl_e. 1r1orkable_ approach to_ syntactic-. analysis with distinct ~chine_:·--·-·--~-·-: _____ --
~': ... ', .. :..-.----'-~-:-
· -- advantages • -
't· 
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·1n -general we canno~look up each word in a dictionary to.find.. 
·· .-its possible semantic types and use the rules of the algorithm ··tc, 
determine the type for each word that -will yield · a sentence. To def . . 
' 
" 
_ so· would ,obviously em.ploy the machine techniques that we.want -to 
avoid~- ··But al~o- ob~iously we must identify types in the··word strings . 
' 
.to perform -~yntactic analysis upon the ·string. Now if we could 
of known semantic tY.Pes·of other.wo!ds in ·the sentence then.we woiu.d 
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- 1 not be forced to look· up each and every word in a dictionary but only . . . 
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_____ some words._ If the words .to be looked up were f~W· i~ number· an¢ - --~--~~-... ,~---
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,,_l,_.,. 
'a· limited dictionary lookup tec.hnique yet still take advantage of · - 1 : ! 
. ---- -·-------·---.- --, 
-~:the--mJjifroai· machine requir~ents -of our inde:dng scheme., We know 
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: ! ., 
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as$Ullle the strings to be. analyzed do 4ave the type ! and-hence our .. -• j • 
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syntac~ic analyzer needs only to fill in semantic types for words 
/ \ \ ' . f~r which types are not given so as to yield t~e !. for the entire 
-
' 
'~·· \.. ' 
1· •·•··• 
' 
- '. , .. -··· -·--
.. :, ·1 
.' """' . .,,.,;',," .. . ,-·::·":·~"· ·""" ., 
. . 
..... ~ ., 
... 
-- --~-
- - ~ -~ -~• -, ~,__,_.• - 0 - • -----• -- --
-• •·--• .,e,-- -
. v' 
·' 
: 
', • r •• 
• •• • t ••• ··-· •- .. -,---~--r - • -·-·._:·•-----·~------------
' . 
" 
· sentence Cl If this compromise machine technique plan is to work we 
. 
, nov1 must determine v1hat 1-1ords are to be looked up for their· semantic 
types and vrhat· rules must be developed for the syntactic analyzer to 
compute the semantic types for untyped ''t·Tords G 
The first question is norr to decide 1:1hat ltfOI"ds are to ·be included 
. 
in the :lookup list O As ·noted the, lookup list should do for all 
sentences_ analyzed and s~ould 'Se snort if the compromis~ technique is . i . 
to be economical in m.a.chibe terms. If excessive computing time is to 
.,,..----- - ". . . 
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are-produc:tive for the analyzer to tr1ork v1ith -efficiently. The nature ____ ·----·-- ' 
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of the rules and the initially given semantic types are obviously I 
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. . 
• · closely related., the structu.r~ of the rules most .. pr~ba.bly being-· · 
' .. :.·: 
.. 
.. 
. · determined by the given types anc1 their di .. stributiona.l characteristics 
_________ in initial strings. With such consideration~ in mind we turn to 
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_ construction of a.·basic lookup list~- --- I think-what have been called ______ _ ~-'--- .. ------ . - . 
. 
----- ----
·-----·· 
---
--------- --
·-- ----·--
-------- ---
I ' 
-
" 
·. 
1 functors 1 _ (41 will meet the above criteria. ' These words s~ein te> pla,:_ __ .... -
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-:' very important roles in the grammatical c_ore of' a_ lc:nguage ~ ~ 
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__________________ .__ __ __ _ · ·_ ·Roughly, then, the total stock of --- --..,..------- _· --- . 
elementary forms of a language- can be split 
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into tvTO unequal portions: tea~ 't-Tri te, and 
.:' all other grammatically "unimportant!' ·forms go int·o .- one portion (by far the larger) ; lvhile , -
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the first portion unless 'tve deleted all the members of some_ large form-class. [4] (pp.261-262) 
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Hockett includes at least three types of gra.mrnatical·forms in I,· r, , , 
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the class of functors o 
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lo Subst:l, tutes: 
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A. substituter· i~ a· form which., ·under ·. 
certain conventional circumsteinces, replaces 
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English, . the substitute I .replaces ~ny . 
sin~r noun or noun pbrase 9 providing that 
· this lford or phrase denotes. the speak.er of the 
· utterance in which the substitute is .used. (p~255) 
. ,,,., .. ' ·, ... 
2 •· Markers: 
. ' 
' . ·: ' - .. I • • 
• 
-····-- ---·-"-·-··.,·-·· 
- ---··----·~·- ~.-;C'~"-<,.-,-·y~·7--,- -.---'•·- ... --~---•·-··--• --·-----;-··--~--e. ·--- --~ 
Some morphemes e o ·• serve not directly as 
carriers of meaning, but only a~ markers of the 
str\l,ctural relationships bet"t-1een-· .other forms o 
•And' marks the fact that something b~fore it .• .; 
and something after it are · the immediate consti tu- · 
ents of a larger grammatical :formo O O O (ppol53-154)' 
•· ..... 
( . 
/.-
• V • 
. 3. Inflectional affixes: e.g. · s(plural), - ed(:,;>ast tense). 
. ~ .. 
Hockett ·also discusses abstract governing derivational a,:ffixes-as 
·"" .. r.,., 
. functors., noting I that they add little meaning on·. their 01m account. _ ----~ __ . .. __ .. . . . . ~ . 
-~ . Let ,us then initially ~ill our lookup list with common article~, 
~· -
· · · pronolms, demonstratives, coordinate arid ~ubordinate conjunctions and 
·- - - ------·-·---
. . ' 
- ----·------------·-
J 
' -• ,.· 
. 
. 
auxi_liary verbs and assign each word an. initial semantic type and 
incorporate a feature to mark common inf'lectional·affixes used :for -: ____ .. _ r·--:--··-·-
.' 
. . ,,.. ... -' 
. ' . .....: .. - . .::_ .. :.:._, ~· ... -·- . -. gezru.nds, etc. 
-·----·--~·'•'r.,.•" 
\ 
. -to compute types for words --~~l.~i~g. betwe_en_funcLo~.word.s-.---1-t--appears ~-----=-~-,.--_______ ....... ----· ___ ,_ ... _, ___ .. ______ . _______ :_ --·---- - . ;-·---·---- . _.,.,.......;..,,,.....,...,~------~~-
that in other studies·· [ 7] rules for automatic syntax analysi~ have 
______ : ________ . _____ . _ _l_'~·-_.:_ ___ .--~---~--r·-·-: .. --- . -. . 
·been formulated ad hoc or heuristically and the ·same· approach ·will be· 
... · .. : ... --~--,·~~:·:--.·---:·:i~----··:- ·employed here together 1:1ith. a consideration of the rules of the above . J, • s 
•• ' J 
sen~en~ial algo~ithmo Consider the followi:ng sentence: 
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· .. I 
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. I 
. • l. 
. J·' ... , ......... , ..... ,., ........... ., .. 
·- ··-- -· 
··-· -·~--
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' "· ' .. 
• ' 
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·- - .. , _,_,,,,4,,_,_ --· ·---· 
,. " 
I ,· ..,...., • .,. 
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•.• ,1,,',,; .. , .. ', .·.' -
-· -- -.- -,-,-,-,·-~ ~-.-.... ~-- ;.;,,.JIWo' ;·_----:.--0----..-- -~-0:.---·-_l_ ····- - - _,,__ --·--. - ----------·-----··-------· --·------ - _.,_, ,------~----····--,-- --- ~------,----·-· ._ ~-- ---- .. _,_.______ -- Sf I • !!!W . ..., 
'l 
~ . . - . , .. ' - ... ' - ·,- - '_ ,·' -
. ' 
. \ ' . 
·I· 
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The dictionary·· lookup procedure is a major expense in 
most automatic syntax analyzers. 
Assume that the dictionary .procedure as~igns the follm1ing types 
. - ! . ' 
to the 1-rords in the sentence on the basis of the irord or ·the word~:s· 
suffix being found in·. the dictionary, all words unidentified· being 
. . 
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\/ I 
. I 
. ~ ----~ ·7·;c' assigned type 'U' for unknown tYP~ o ----· ----··-----~, --·-------
. . 
. -·,\· ·-- ' - ... ---- . ·- -
,. 
. "'. ·. \ 
" ., . . 
,..- .. -.,. 
The ·dictionary lookup procedure is a 
n/n n · U n · n\ s./n n/n 
major ~· . l ·' 
! I 
' 
,, u 
. ., 
I 
. - .. - - ..... - -- .,.. _;_ "' - •····--- . ·--.--~--- -·····. ······------·. -----·· -'-·.···. . . 
' 
. I 
iL :\ . 'j 
.. 
1 expense· . in most automatic syntax analyzers. 1 " I 
I' 
I. 
r 
i 
.... ,. I 
! 
I 
./ 
I 
s\~· 
; /n .. V n/n . U . n .. . .· ·, · .. 
... \ . ,·.. ,; . - -----·-- ---~-~-------,.--- --- ---
-, .... ..: ... ,-,----·---·--.--~" :-- -· :,- .··· .. ·.: ·: "'." ·.·~··· .· ·'4-'-:·"~·.'·;-i,. ,,·~. ·:. ·:.-- .. -- -----· -· .. ,. ---·- ·-- ... · .. . . 
...•.. ·· ... · .. Ru.le.z.···. /n, f;u ~···/n + n, .·· 1.~., sa.tisfy noun requirements to the 
.- • : • ; . • • ~ C. ' ., • ' ' 
u 
,. i . 
I 
I 
• I r: • 
·I 
_,-.1· 
right. Applying this rule as many ti:rnes as possible yiel~ - i .. 
·---· - - - -. . . ........ ·•·. 
. ' 
the following string. 
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·. • t 
' " 
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. - . - - - - -- - : __ -- -'• -- ._ --- ·_ - ' ·. 
expense in 
s\s . 
most· automatic . syntax analyzers·~ ... , .. '\.,.\l -·oe; ... ~./· .. 
I 
----~-·-·--.-· ' ----------
U ., ./n n 
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, ~- ·C· ., ' 
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Rule II. n + U -> n/n -+ n, . ,!.I., nouns to the .ieit of' unknowns ~e--~~-· 
. . .
. -
. to be constructed as functioning· as adjectives •. Applying 
- - - ~. - ·--~ ~ -~ -·-- ·- - - --- - -- --~ - - - - - - - -- - - --- - - -~-- - - ~ ... 
i,. ~his rule as many, t:fmes as possible yields the following . ) ·.· ~ . ,, . 
• . i 
,~~-.. = .. ·---=-=· ~ ... .,,;,,.,,..,,,_. = ..... =.e ~~-.. - . .,. . . - . . ---. - .- .. ·-,.--- -----· . . . . ·-. . . . . . . . I 
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1 
- -- -- st;ring: ----- ---------· -- ------------------ ~--··-·- ... . . ... - -·- ..... - --- . ·- --, 
,_. ,. ·,,,, 
_, -~,.- .. , 
. '. I 
.. - . I 
., .. , ~-.--·· ,.-. ·--·~ '.--·····-"' • l ~ ---- -. - -- . .. . I ................... , .. ,." ~ :··· - ......... .' .. ·-·---~-:~·- - . ___ _. ... -- . , ............. l 
The dictionary lOOKUJ,l ... procElciiire ... -is---~ a major · · .· .. ·. ·. · 1 
I : • 
I 
.. --· · _____ ,, _______ · ____ -·~---·-·: .. ___ .. -~ ..... ::· n/n 
expense in 
J-·~ .,. ______ -·- _,,··,,. n s\s /n 
.. ·. - . '' .. ~ ..... , . '.,. ···~·'' '"·' - '.: ' 
. . 
, .. I 
......... , 
. 'I . . . . ' .. · .. ,· ..... ·· ... ' ... I 
n - .... -n\~ n._ ···· n;ri -n;n·· ------:-::--.-- > - . . · ~-= :~ • -~ I 
. ' . . . . . . . ·. . : 
' . -1 
most automatic syntax analyzers. " 
n 
' ,, 
.I . 
' 
n/n - n 
. ' f· j" 
n 
... I 
' 
., ,,,, 
. '. ' .•.. '., 
'. ~h l~••l '~~-f• 
j 
i 
! 
- -·· 
--------------- ~~ 
" . --' .- - -- , __ .--·--·-------· --
_.; __ _: -
-----~~'.·.· •··•·;' :.-,-;-~---• ·· ..•. ,._c"i • C-:=-" 
-~----·-- ~ - - - --~-- ·- ;;---.... -----
-- .. 
. ' ' l-· ~· ·-· -·--------- -- ,. ____ --·· -------- ---- ----~------·-
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J Rule IIIao n + n/n·~:> n/n-+ n., i.e., npun-adJective strings are • ;:;: . . '. . ' 
considered not to be weJJformed and are revrritten as . '. " , ~ • , ., - I -- ·i' ;. 
·. adjective=noun~ - i' . 
. . . 
- t;, 
. 
-·, 
c-+ 1':. . . Rule IIIb • . n · + n -> n/n + n., · i . e., noun-noun strings are co~s:t.dered ... , • ' ~6 
,- __ ;_ __ . ____ ;__ ---··· -·1··-· 1·-·---· 
__ , ____ ,,_ ... ,.,,--~not t_o :be wellformed and ·are _,r.e't,ritten as adjective-noun<, .------ - ---·--··· ' .• , ~-,:1 • 
. 
' 0 
• ' 
. Applyi~g IIla and I!Ib as many times as . possible y:tel<t.s 
the following string: ...... 
·l" . " - ' 
• Ill - --·-· -·- ···-····-· --- •• 
·'-··· ···---·- --··-·- - • -,·-
The dictionary -_lookup procedure is a majbr I.· 
n\!:/n . . ........ -. n/n n/n 
-/ 
n/n--····---·· _·,n/n n/n -n_-~-. ··-. l\ .: •• 
.. ____ ,_'!__:_;_'., ·. T , ·-~ -- .. - ------ -- ----------- --------c--:-~:·,~ 
... I 
-- ------
-
---------------
-·' -------·-- ---· ------------·-- -,--!l ________ . 
.... 
. . ..... , expense in most automat.ic syntax analyzers ., 
n s\'n n/n n/n , . n/n n 
A ....... , .... ,_-, 
,; .· · .... · .. ·., 
. . 
.... •f -_ --
" /'~ .. 
1-'-:~-. 
, 
,. The above example and others suggest that a limjted ·tuncti,r dictj.onary • 
. i "• ,,. ________ T __ • ___ • --•-·--·-----· .-----···- - • 
-- - ···-· ·--- -
• ,,'-L ·---·-·-------·--
t 
·--· - - ---·----·----
:. _____________________ _ 
lookµp and type computational rules might form a:_ satisfactory method 
·-----... ..------------- -
for generating the limited s~tactic analysis required by our adopted . 
- " ., · 1 . 
I 
-
indexinge$Cheme o ·. Adapting this method to a computer howe1rer requires-
-·a ·change from the Bar-Hille.t and Lambek notation to a _more flexible 
------• ----- --~·-- ·--·--·-- --
-
notation Which vTill allow easier .programm:i.ng and, heuristic invention. 
• t,: J •• ~ ! • - • 
This new notation and various aspects of the ~rogrammed analyzer ar~_· 
. \ 
6 . 
. discussed in the next section. ,,·· ------~-----,,--_ ·-=- ·--,--·'---c::-c-:·,:::-·-:-::c:--:·-:c-.. -:-·---c::-~-~---c ----- --~------------- ------ - ·-·- - --------------·--~: ----=--~~-:--::---:-,---------=- -------:---:·---·------:- -~:------··-· ;:··---·-···---_ .~·~-----=----:---- ----·------·----·-·---------··-- -- - . -- ~ ----.~ .. --~~- - . --- ---- ------ --· ·-. ---··- ,__ .... - ' .. 
- ...• - - - . --·- . . -·-- --· - :,:,.· 
.r--.--,~ . . .. . -
----------------.~--=----~-- --~=i= 
'~-..... -.--... -.--··---- . . 
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' :, . The Programmed Analyzer in General 
. 
-
- - -,:L ..•. -.......:.:.:'. • .-.-· ..• •- .·,- .. ,· •. :~--~----~•-• •-•• • • 
. -·------------- ··-·--··· ····-·--- ---· 
<J>.,W'. 
-- -
- - -- - .. -·------·- -· --,-
. 
~e syntactic analyzer consists of' two. programs. The first :. .. , 
· ·' . )?rogram v1ri tten in GE=-225 machine language is a dictionary search 
·that first checks each word of the text against one list of functor and . 
. _; ·•, .. -. 
- .. - ...... , 
_ .... -·----·---·-·-----· ... 
' 
-~ .... --
-
- ,-- • M 
' 
. - ~------
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so.me ·non--functor words and then against another list of functor 
. ', __ ...__. ··- .- ... 
! . 
· suffixes • If t:i' text Word is not id~ntif'ied in either list, it is 
aSsigned its type category 'U8 (1mknovm). Th,e non-functor words 
• . :J- r·· 
I ' ' 
I , . . .. 
1 · · 
7 
• ·· : · - - ~ • ,. sill.ables are . the same as . some common functor suffixes but a.re not 
· included in the· li'r;;t -of functor lrords . are commot1: · words ,,hose last 
- - . - . -... - ~ .... 
L 
I. 
J 
1 . 
I 
I 
I 
i . 
of the same types· as the suffixes e. 
···,.-·,;,·,1._,,,,-, 
l 
-··· 
.·.·--The. categories assigned--to text words in this p~ogram are as 
r 
'['"'. 
. :~---~ollow: 
t 
•.. ....!I 
i ··-- ·-; 
A I articles' and adjectives . ' . •• I .... '·----·-·-
.. ,· . 
. -
. --- ---·-------- --~-------:--··-. .~.  _· . --~·.-·. .·~:.__. _____ : ----·---·· AV 
l3 
.c 
auxiliary" verbs'" 
-adverbs 
.'. ---- - --·-··· ·-· .... 
.. ' . 't :. ... 
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. - --'-' _·,_ . 
... ~ ... •- - . . . ' '' . . . 
.J • •..• ' ' . ·, 
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.. ' ti• 
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. • _..,..~~- ' I I 
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-··-.: .. 
conJunct1ons ,except··.·c1, e2 ·am1 c3J __ _ 
"and" "or.. commas 
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. ·, ·.I ,I . 
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\ ·_· 
·······•·:: .......... 
_s 
;·:.i.-'' -. • . ' ' .. . ,· ' . 
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..... ' ...... -· . . .. ,;• -.: . . . ,,,, 
. .c.'.......-..,----,· _: ·_:._--;-- . - -- ' 
. I 
·,_':''"'·'I 
.. 
'· " 
' ' . i 
·. . - ' - ., •-,- --- ---, -·. . 
.- .. ·-··· --·----· .. -·-··· --·-:-·--·-----··:·.·---- -·_· ' '.· :· .... ·.·. ·-----------~--- ... .. .. 
.. _: .-· - -· .. 
- . - ---- ... ' .... -.. ·-----~-~-· ----------- --- - - -
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·-·· _! •• - ••• , 
:_ i ·. ! ,·. 
. .·' - . . '.,. ,-
.... ;., .. 
- . _,.· 
.. ,·,. . 
_ ... --·:': 
.... 
• ___ .!--_ -.. ,' •.•.. -->, 
. - ·-· ... ·-
. . 
' ' l ' 
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. :-,._...,..--· . 
.. ·-- ·--#-.·---~-- ·-:-' i .:.;.;:·-·· 
·. C2 "than" "both". •'either" 
~- ' ' . , .. ~-· ·---'-'--··~·····,-:.."'"''.:....,,.• --:···~-:--~==--....,--=-· ·----:------:----:-~------~--- -"----
·---~·--.... --- .! -- --------~.----... -
·.) ·1•'. ,.,, 1' .... :· .. •, . 
•' p 
. . ~--'. 
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relative pronouns, subordinating conjunctions and __ 
other words that usu.ally function as beginning of· 
clause· markers. · 
·--------------~--- - -- - - • ·--·----~-· - -~---- - ··-- j ------- --~---· 
.. 
.. ' 
. . . ' . prepositions · :. -- --· c-----:·"'---~~"-: -: ---_- -~ .c'.. .. ·'- --. · :- -,.- ··- · · ~ ·. • . 
_.r-
. - ' .. ,, . . ... 
_..,__·_, __ . ---- -
r . , 
':··!,'- · .•. ,,..; 
' T-" · ,.· llthat" . . .. _ _ ___ -- -- -· .. 
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-
.• 
·_, _____ I -.-c:',:c:-::-c::,-=:=;:~~~~~~~~:-----:---- ~-_· ·-------_-_CC':' .. ~CC:-~. ,~· ::::;;•"··=· =-:=:::c=-=-·· =~~==~=~====:--~--·-=·-··=-=====;~====-·=~ 
-.~\ - ~-, - ·-·-·-.-~-----,----···--'-· - ··-··· -·--· - -
' ... ·.,•.-.-~ ... :.. .. - .. ·,"··-·-··-.,n·-·- .~-·,~- . '~.:; ,, .. 
' \ 
i 
. ' . 
. ' ,, ' 
. . , . .,, 
' ' . ' ............. : ; 
,JI•',,._.--·; 
1..:.· . U · · unknown · 
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.. ··-- .·;,---- ·:- . ----~ . . ... ----·. -· -..... "' ... . . - --· --·. •--• - . - .. . ... -- . ··~--· .. . . ............ ' .-· - .. ,-..... - ..,_ -- .. 
'I. • " 
VD · past participles. • <, 
•· 
VP pres~nt I participles- ~ .. , - ------~--· ----·--· -···· -·-·· ·:-. · · · . ' . -- .. . - . -- - . ~- - . . -~ . 
~ . ' . 
-
The dictiona~y at the moment contains 192 words and 76 s_uffixes. · · . ' ·' ... ·.-- · ....... -.. ~"'···· .... . 
A more detailed description of the dictionary search program and a·. 
' ' 
list of dictionary words and sUffixes will be found in Appendix II • 
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A note' o:r thanks belongs here to- DoCo C,larke and .R.E~- W~11 ·_of IBM., 
-' San Jose, ,'tfho, S'!,1PP1ied _a listing.· of ~heir dictionary 11hich greatly _ 
•, 
-
aided the construction of oursc 
The second part .of the-ana;lyzer operates upon the str~ngs of 
., 
--·- --- ---· . 
. -------- -- ----~---
category s;ymbols produced by the fir~t program. to compute tlie·· · -_ --.~---~--~-----·-.,;.- --
Ql 
-· . , categories of ~,ords not. _id .. _entified- in· the dictiol!Etcy · program.El This 
.;; '-· .. .-· ,, ··:- ' . 
. 
,, 
--- ... ······-··---- ;.- . _· _. ·-------·--·-·"-~········ .... ·- ·-- - ·-
. program also places phrase markers around noun phrases, prepositional 
phrases., predicate' -adjective phrases arid infinitive phrases o Relative 
)' pron~uns and some personal pronouns are replaced by .their antecedents.· l 
- -
, Tests for vrellformedness correct some errors made in dictionary-"' •' . ~ 
. 
search,. ~o,3.o, nouns used contextually as adjectives, and errors made . ' 
by the computational procedure. Wellfo1-medness tests also force - · 
---------
all clauses to· have verbs. The rules of' the .analyzer roughly are . 
- I ; - ------ -~---------- --- --·' ·---;----·- •--··-------~··;: 
. t 
. 
. 
.. . : ... ··---·--·-·-------~--·--·---------- ·. ~ 
' . 
- - ---· --- --··- ·-- - ----: . - - -
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·of· · the following ·k1na·s: 4 ·- ----·-------- ··-- ... --- .- ------ - . - .. -------,-
i 
I 
~------:--- .· .. ----- .. ! -- -------a)- Housekeeping routines-·to--:reed---a.ai-a-·:-sent'ences~-cia'use by · -·, -·:- :· ·· 
L 
., ' 
claUse to the rest of the program ~ ~o 8:f;IS~ble and_. ·· ... '... . :•> • , . 
' . ' 
- - -- -- - ---~- _. -- ----- -- . -- ---···. - . ·- -- -
................ ) 
. -~ ..... ·- .: ' ~-
output results; 
t-,:,: .. : .. 
.... 
. - · •.. : .•. ~. ~;.:;.:; .... 
' t 
--- -- - ~--·_ ---------- -- •.•· ..:. :.----, -
.. :.--.c·c=-=---==--- -...... -----~-:-::-::_· __ --... _b) Corrective rules to remove errtjrs--{no?l--W'ellformednes-s) . , . ,, , 
in ·the ·a..ata · from the dicti·ona.ry program and to correct .-
"' 
-the results of computational rules; . . 
----=:~ .. -----. - -- .. - .. - -
. ,---- c) Computational rules to assign categories to unc~_3rgorized 
. 
- -----------
---------- - ----- -----------· -· ------ ----...... ·- ------ ----.. --_ ..__ -------- -----------------------·-----~ --·----·-----=---- - ---- I . 
..... --.. ---------~__:___,-=--=.,..,.....-,,.,~~=--~~, c;--. · words on t:he basis of clues from the dictionary output and 
. '\. 
"~--
.. 
' -- . cl.a.use "structure; 
. ' . ' . '\ 
. ·. ··<': ·. ··• • • ,. d) Wellform.edness rules to determine the position of the 
clause verb if it has not been previousiy located and to . 
IN 
f 
" ·! 
check clause structure f~r wellformedness; 
I ' 
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. ~-·~-., ........ ~.-t ••.• 
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I, 
.•,,.·,i,,t.'••',-.:,·· 
e)(l?hrase marking rules to enclose noun, preposition., predicate1: · 
' 0 l ' 
't , 
• 
adjective and infirtltive phrases ,nth phl~ase ,111a.?rkers; , I 
r •, 
-,: ' .' 
.. [> . '.' .. ' 
':• -. 
_·r) Antecedent :1:eplacement rules.· to replace 1:':e~t:tve · and . 
•· ........ . 
'· .. __ · . ..,,.', ._ ..... 
' . "-
:·, -.. -.._ .. _ -------·-
-- -·------···-··-···· .. ·--· ·------------------- -----
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The ·rules of the analyzer are generally applied in a sequential - l 
. · ... 
··-·. - . ----·----· ----
. · order· and lfOl~d·type· computations ·are carried out step by stepo ··. Comp~ 
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tations thus may.seem at times .to be incorrecto The total effect of - '")- ... 
. .. a11·- the rules · must be considered in. evaluation and~ correction of -- final ---------------------------- -- ····---·•- ---.-•::._ _____ • _____ ,----"'--:.......,.......;.....--,•-r-•••- • ------.------~··-••·-•·• ----- • ----- -- •·• ·-- ·- • •--- •• -··-·- ••• • ----·-··-····--- ---- - • ---- ••• • ·-•· • 
. " 
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"This program, which is written in COMIT, consists of many rules." In 
sue~ clauses, ·the type assigned to the relat~ve -pronoun;··1s changed frcim. 
1K' to Bl\IESTK. 1 This change prevents rules 10.to 16 (se~ below:) from 
treating emb_edded relative clauses as non-embedded clauses. 
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English 1fords O · 
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form. a drop through table that tests for various combinations of clause 
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and sentence markers e . If ~- string· contains more than one clause 9 tl:le 
f'ir·st clause is fed · to the rest of the program and the other clause or . --=-.. . ..... -·~ ,, 
_clauses are stored to be recalled one by one when the processing of 
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. ··Rules 17 to 20 (next page) deal with auxiliary verbso , An ·unknown . J' 
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-type after an auxiliary verb is construed to be· a· ... verb type e Present 
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· and past participles follolring auxil~ary .verbs are- considered ·to be 
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part of the verb · phas.e E, The ti:ientieth rule changes. · 0 AVrt s-ols not . • ": .. \ . . ( \ 
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. operate,d;-upon by the preceding rules to 'V'. sYlD.bol.s •. · ... N.o. ~her ·use · , ·. · _ 
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, . is made · of the 'AV' type o - _· ,,,, 
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• It shouJ.d · be note.d that many of rules .of t~is analyzer ~e 
_·applied over and over again to the da.t!3, string until they fail to 
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apply o Control. then is transferred to the· next rule. 
l -.. ,· Ruies 21 to· 28 -handle some aspectf of type computation, type, 
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Use 1·s made of various clues to possib.le .phrase structure O Rule· 22 : __ -,-"~----. --~~~--------~--- ---- --- --- -- -- -- --------·- - ----- -
.. ~ ····-- .. 
is ·a. COOT instruction which produces an object _program tape-chai~~g ____ . ----··--------·- . . 
- ---~---:---. --: --~- .. ---~=- . - - -. 
.. 
.. I, 
similar to chaining in FORTRAN. \., 
~ ," (-
. Rules 29 through 32 use various clues to clause structure based - ----· ---·----·-·----·----- -·------· --·-- ~-----· ·----·--
·, ) 
on the verb environment • Rule 29 .changes a preposition before a verb 
1 ,•, .• •. ,, •1,•, --'1 JI ,.t ~ 
to a verb o This helps . to identify infini tiv-es if the preposition is 
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Rules 1~7 through 56 form a· wellformedness test for all- ·phrases I• . t. I •• 
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adjective phrase; is not a predicate adjective _and does not tefminate· l 
,- ' '' ,. ,·r·, 
. with a noun, the· 1ast symbol in the phase is clu},nged to nNn· o 
Rules 57 to 62 place prepositional p~ase markers .( 8PS' symbols~·-· : ·---- ··· 
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Rule~ 72 to 77 restore symbols ·in the da:ta string to ,the~ standard ·o 
form 0 Many of the above procedures"'require changing symbols to different . . 
symbols because L'ECOJ{ ·alv1ays· searches left to_\ right tr.om ·the .beginning 
of the workspaceo 
. Rules 78 through 80 ·test for compound prepos-itional phraseso If 
·a conjunction· and a 11om1 pliras~ f ollol-r a prepositional phrase and if-
the:r-~ is no verb after the l'ioun.~:~phrase, the· noun· phrase is · included 
· ·within the prepositional phraseQ !f a ver"b should .follor-1 ·the noun 
phrase it is possible that the phrase is a subject and that the con-
,, 
28 
/.{, jun.ction conjoins two clauses rather than two phrases~ 
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. _ . Rules 81 and 82 store ·the present ·clause str:t:ng and determine if· -· 
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.! ... .- •• the ·a.ata sentence contained more than one clause o ·If there are more 
clauses to process, control ,_;f.s transferred to Rule 12 o lfuen all of -
the data sentence has been processed, rules,';83 to 88 merge the English 
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.-i;_;.;_,. -. ' ... .. :-: 
.. - ,--·- -· --- .- ··-· .- -f 
· words and their corresponding symbols, alternating word and symbol and 
placing the phrase markers appropriately o Rules 89, 90 and 91 print 
the processed data and write them on tape o Because of computer memory · r . 
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1 imitations~ it 'tfaS necessary to divide this pa:r't of the analyzer . into . 
two LECOM programs o Hence the data output of this part is not fully . . ' --- . 
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-· ---··· -- ---,-- -- ·-
. ·-.·· (, 
. . .· - --, processed o · It is stored on tape and the rest of the data input is· 
---..,..---17·-. -----, ----------. --· •---·-"•I,·•,. ----- . . .. 
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Program Listing-Rules 72 to 95 
,. 
12 . S62 $+O+S k l+N.,}3 * S62 
13 S65 $+S+$ ~·1+p~3 * S65 
r . r· 
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T24 .$+PS+$+PS+Cl+NP+$+NP+$ = 1+2~3+AAA+S+6+7+AAA+9 * F T21 '1'22 
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. J 
T23 $+AAA+$+.AAA+$ ~l+3+NP+PS+5 * T24 
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T21 $·= l // S 5 l ** 
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Rules 96 to 99 of the second mcor4 program read in and print one 
data sentence 8 .The numerous p1-:iint;outs in this and the preqeding 
_ program are for debugging purposes O Processing :tn this program. is done 
sentence by sentence ~ather than. clause by clause as in the first 
programo 
Rule 100 inse1-11ts infinitive phrase · markers ( '1 VI' ) around known " ~ 
~ 
·1nfi~ ti ves and · changes their 'V' SJ1lllbols to I DD 8 symbols o 
30 
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Rule 101 checks if the word nnecessary" is used in· a post-modifying 
positiono If it is, its 1N1 type assigned in the.first program is 
t . 
---
. (_'. ·. 
- V 
.. 
changed to _1A8 and the preceding 'A' .is changed to 1 N11 o. It appears _____ . .,,... 
·--···-··----·- -- ·--
' 
' . 
- _. that ___ on:J..y a few English adjectives are used in post modifying positions :~· ·'.: . ~ .. . '. ' - . . 
. 
' 
. 
·\ in technical .·writing and rules such as this one s.eem. adequate for 
handling theme 
Rules 102 to 110 replace the relative pronouns "which" , _"who", __ 
··-·-·-- .. --------·---·--·-··-···· -··-···. ------ . 
- . 
.. 
,, 
·,. 
_"whose" and t~whomu ·with their anteceden~ noun phrases. The antecedent 
- . '···- .. , ... ··•·•/ , ...... , .. , 
of a relative pronoun is taken to be the first noun phrase in the 
-· sentence tq the left· of the relative pronouno nWhichn and nwho0 are 
'. 
. _ · simply replaced with their antecedents., "Whose0 is replaced ·with its 
antecedent phrase made _in-to a prepositional phrase wit~ the preposition 
' · •••• -.,(.•,> '• . • r'""" • ,• 
"of" tt · .. The ante.cedent which replaces.· n1-1hom" is flanked with the· -tag . - ·-- - . . . . 
. 
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- -- .. -------"' --~----·----------- ... ----·-· 
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,. ~ 11 \\ 11•,, 
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. __ structure) o If a relative pronoun is replaced in a data sentence ____ :_ .. _.-~-----·-·· ··-·---·. -- ······ 
the sentence· is diV'ided into t1,10 sentences before the replaced pronoun • 
Embedded subordinated clauses (rules 5 and 6) are not·dealt with-in 
this program. 
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Program Listing-Rules 96 to 111 
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96 GEB $ ~ l+QQQ / / c.m RCT 4 l 2 J)t• ZYX 
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. 97 *-$ = l * DON . 
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99 
100 
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104 
105 
(' 
ZYX $+QQQ ~ l+l // 'WAM 1 -H 
. I 
.r ,., . ·. " ' 
*IGOR+$= 1+2 *DON ,() 
TlO $+TO+V+$l+V+$ ·c: l+Vl+2+DD+4+DD+Vl+6 * TlO 
\ 
LIST T28 ~liS ~iiHICH+vJHO ** 
i·· ' • 
T31~ $ ~ *Li,,l // N 5 1-** 
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106 T35 NP+$+NP~$~~$ e 1+2+3+4+5+5 * F T34 T60 , I 
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· 107 T60 NP+$+NP+$+$l+P~*<lc~$1+$ =· '*T+l+2+3+4+K+K+PS+5+6+1+2+l+PS+l0. -. 
. . . 
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// A 5 1· * T32 
108 T36 NP+$+NP+$+~-0*~1'1TS+K+$ c: · ~~+1+2+.3+7+7+1+2+3+8 //A S 1 *. T32 .. · 
109 T37 NP+$+NP+$~~+'WHOSE+K+$+NP+$+NP+$ = 41'+1+2+3+4+7+7+8+9+10+ll+PS+. 
... 110 ID.38 NP+$+NP+$~-O+'t"J'HOM+K+S = ·· . .gE-T+1+2+3+4+7+7+oBJECT+l+2+3+0BJECT+8 
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Rules 112 through 118 . deal l-li th the . pronoun u it !? n _ Rule 112 
deletes introductory parameter clauses of the form 11It is (clea.r), 
(obvious) , ( etc o) that o o o on Rule 113 replaces n :i."t n with n IASTSUB" 
if "it0 occurs in the· sentE!nCE! sul}ject positiono Because of memory 
' 
lim:l ta.,t~on · and the length.· of this program data can not be saved from · 
--~ I 
previous .sentences o Thus the subject of· the last sentence is not 
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.,. ''•'""·'·· 
· here awilable to replace the. nvitoaa Rules ll4 to ll6 replace all 
I ' 
, 
.. ·l . 
. ' 
other occurrences of "it89 lvith the fir~t noun phrase in ·the sentence 
not 'included wit:..in a pr~pOsitionaJ,. phrase. This noun phrase is con- · 
sidered to the sentence's subject. 
altered in this process. 
Rules 117 to 118 restore symbols 
. ') 
____ ·:._· ---.. --- ----- ,·_._. ___ - -----· 
. ' 
Rules 119 and 120 put a ~QQQ' tag on·'the end of each sentence. 
·---· ·.·. ---. -·--'" .... ----- -· r.. ....... -
. ' 
'Rlµ.es 12l··to J24 printout th~ _data sentence by· sentence and • ,• ,• 0 •L • 
----- -- ··-·- ·return control to Rule 96.-~ 
- - ---~-------------- - -- -- - -- .. - -
.. -- -- ··- -
. -------··-----
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· Rules.· 125 · and 126 terminate the pi-ogram when the end of' da.ia. on 
~he input tape is reached.-
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Program. Listing-Rules 112 to 126 
112 T5o ~+NPvIT~N+NP+IS+$+THAT+T~$ c 10 ~ 
113 * NP+ IT+N+NP+t~ ~ · 1~~LA\.STSTJB~li~~5 ~H-~ 
114 T95 $+IT+N+$ = 1+2+3+4 *· F T.53 T51 . 
115 T51 ~i+PS+$+NP~}$+NP+$+PS+$ ~· l~1Y+3+W+5+l~J+7+Y+9 . * T51 
' 
116 T52 $+NP .. J.$+}lP·~$~~ra;r+N+$ =·1+2+3+4+5+3 .... a ~ T95 
' 
117 T53 $+W+$ ~ l+NP+J *.T53 
118 1no $+Y+s c l+PS+.3 ;~ 1uo 
. . , 
119 T70 $+K+-K+$ = l+QQQ+4 * T70 . 
. ,. .H 
,._.~ .. 
··"'· . 
~ ··_.• ' ' • • • ',. I • -"°t -., ' ' 
•.• -· .. - . - • • ..+ - - --: 
120.. * $ m l+QQQ it* _;_, -· -·-·· -----·---•--- --··----------~~-- ··----. --------------·-- •...•• _;._.---··*· :.--: ... - . - --·· - -------- . 
121 ABC $+QQQ+$l+$ = 1+2+3+4 II s 6 3 4 * F QB! CB4 
122 BEG·$ = l // A 6 1 ~ ... Jf _ GEB ABC .. -.. -- . -
C'DA di! - 41 -'Uf..- -~ w - . .a.··~ --·----- --- ---- -----··-----.·- ·--·-·--------- ·- -- .... -~----_,. 
- . 
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Evaluation 
Sample input and output can be found. in Appendix IV o The depth of 
syntactic analysis is limited to an assignment of category types to all 
l'Tords, the maxking of noun and prepositional phrases and the replacement 
of relative pronouns and nitu with. antecedents& Determination of verb 
phrases, subjects, predicates, etc o could also have been done in this 
program but for various research purposes such determination is made in 
programs subsequent to this programo 
The end product of this program at the present time seems adequate 
for the ptll'poses of the indexing scheme for which it was developed~ . 
---,·-- Approxjmately·sixty test sentences have been successfully analyzed 
' 
-- -- --· -~~ ......... - .. 
according to the anticipated needs of t~e indexing s~heme -qnder con-
struct.ion O It is expected that .. when the analyzer is put into general 
11 
f• 
.use output ·errors 11ill exist. Because of the flexibility of LECOM, 
. .., 
\. 
-· . -• ... - .. -....... -· -· ! .... . 
-····---------··-·----·--·--····· · past remedial rewriting of the analyzer has been fairly easy o Thus it . 
can be expected that future analysis problems will more or less be 
. overcome a If problems occur that cannot be solved at ·the present _depth-
' of analysis there may be no need to abandon this approach if the error 
. ~ ---
margin of this program . is within the error tolerance of subseque·nt 
programs~ 
·, 
The machine time demands of the analyzer at present time-cannot be 
~--------- - ---·-- - -- --------··-----··· 
------ -- ·-·-·---------~ 
--·-----------·---·------------------- - -
-
- --· --------· 
-----··-·- .. ~-~~~ 
_.determined·o The IECOM compiler is still. being __ ,<:l~l:Jµggedo Ol.tr ... system - ,,· --·-·· ----- -··-· -- -· ----- ---- -'c"---~,- ;:-·•·c-'--c----'c.---: ~ ~::- .,.._::~. ·- .. ·_: .•.. · ----- .. ----- ··-·--···---·· ·-·· .•... -- -· _.. -· ···- .. -- -- --- ---·- -·-- .. ._. ··-·····-··-·· ·-·-- .- ....... ·--·- --···----- ...... - ---· .:. - -- --- .-- -········-·· .. - . ; .... -·-·--··- ...... - . --·----- -- --·-----·-· ....... ------ .. --· ....... -,.-- -· - - ----······----- -
-
- .•. ,'- '. ............ -, .•• , .... -,,_, __ ,,..c· .. -- -- .. - ' 
,-~-
' 
. is_. limi.ted to G.E 225 computer "tti th -four tape·. handlers o Processing · 
-time, hol1ever, is ·not excessive considering the available computer 
system, ·and, ~eems tolerable for the ~xperimental r~~earch being carried 
ono .on a larger computer with a more efficient compil~r and program, 
this approacl1 to limited syntactic analysis, I believe;(~~~,ould b-~ quite 
economical. 
•\ 
.. 
;;.: 
• ''4 
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' . 
\, 
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APPENDIX I 
The Assigryn.ent of Types to English Words 
. ( [6], pages 156-157) 
•w E l!I! 
We shall ill.ustrate the as~ignment_ of types to English words by 
t considering. a ntm1ber of sample sentences •. 
·-··· .... ,· .... ' ,-(1) J John-\1,rorks 
. •. f J 
This remains a sentence if 1John1 is replaced by any other name; hence, 
'works' has type n:\s. 
(2) (poor John) works .. : ··, . 
' .. 
.·' . ,,_.. .. 
n\ s ,• n/n n 
Here 'poor John' takes the place of the· name in {1); in fact 1poor John' 
.. can occur in any context ~n which all names can occur, henc~ it has 
· -- ---·-------·-----c-~:-. type ... ne Moreover, so ____ has 'poor Tom',. 'poor Jane', •• ;, Thus ·1poor1 has 
· .. ·type_ n/n.· · 
, 
. (3)_ 
--- - -·-·-···· -• . - - . -·-.. _.:.:.::..,-,-·~-----::----~--.. 
. . _ _ ... _. . .. (John t,or ks) here.~----., . _ 
~- n n\ s s \ s 
,'J ·' 
. _.::.._.:..:_ :. ·_: ____ -·. - - --- . - -- -- --- -· - - -- - - -- - . . ----·-:·----:.·.-·- -:: . ' -
' ' 
. . ::r· · .... •··. . .-
.... 
tl•·••I 
. .· 
C' " ; 
.. °":- .··~v .-'·' .. !I 
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I 
I 
i 
. I 
l 
l
'i 
.~ f_· 
I. 
, i 
l 
I 
I 
I 
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', IS • ' 
· - Th~ word 1 here1 ·transforms,· (1)', or any other senten~e, ·into· a new sentence,•. -
. ' 
hence it has tYPe s \ s o , The ques-t;ion may be raisll;')d whether I here f can be 
attached to a sentence such as (3) · itself O tihile 'John 1-rorks here here' 
·-------. ·-~-
- --------~----·-···---~---·-----------..-------------·--..__ ______________________________ :. -------· ' --- . . --·-··------~·-------~ 
·-1s··opeii-to·-·s·tyiistic objections, we_ shall consider ~it gramm~tically well-
. ·· ·· .·· . • · ... , .. ·•, .. ,... ,·•'c,·-······••cc"'."cc"'"·.-.• ... -_ .. · -- .'.._··,·-·-
-· . ·-·-----·---·---"··-·--·----- ;· ....•. -· - fo~edo .. 
. J 
(4) 
·' 
John (never. works),· 
.n (n\s)/(n\s) · n\s '. 
;h 
· · Since '·John' can be ~eplaced by any name here, 'never 1i1orks n has type 
n\:s:> and so has •never sleeps',.';.; hence 'never' has t;ype (n\s)/(n\s) • 
. , 
I" 
··, 
•, 
i 
! 
-~-
! 
. . i 
·. -·1 
-- -------------------------· ~~--~---~-:=---~=~-~-~~!!!!!!!!!!!!!!!~~--~l~-,---~-~~ 
.,,'.,,, .. , .. 
- . .. -
' 
. ' 
. . 
•· -- -- ---- ... -
---,--· 
. ' 
. -··-·•'-'··--------""--.I,.-'-'·'---· --.-• - ·-· - -·· ·-- .. -.-~. --- ·-- • -. --- -,c---- - •• - - ·- ·- -·· - -- - .. 
It· ~Y be argued that (3) could also have been grouped tJohn (works 
here) 1 suggesting the type· (n \s) \ {n\s) for 'here'. It will be shovn 
. 
' 
' 
later that every adverbial expr~ssion of type s\s also has.type 
(n\s)\ (n\s). 
(5) {John 1r1orks) (for Jane) 
n n\s (s\s)-/n n -... 
. 36 
This indic~tes that,-1 .for Jane 11 should.have the same'type as tthere'"in (3), \ 
. O"na.mely s\s 11 and since 'Jane' can be replaced by any other name 1for' has 
type {s\s)/n. · . 
-, 
(6) (John 11orks) · (and . (Jane· rests)) 
zi n\s _(~\s)/s · n n:\s 
---------
~- ·-----This illustrates· how 'and' can join ·two arbitrary sentences to form a new 
-sentence; its type is therefore (s\s)/se 
' ,. 
. (7), . John (likes Jane) . 
' . 
.. __ . --···-·· -·--· - ·- -- ---- - .......... ,· ...... . . ---- , .. - . 
. ' : . --··-·-. - • '. -···- ·: .• : . ·:;' •. --~-:, -, '• -,~, - •• 'l .... --; • ·• 
--· _,. ·•· , .... , .. _,.. ..... 
,.. ... . 
n n - - - . ·-----· --- - - -- ----- -- - -· -- -- - - - ---- ... ·-·. - ----- - -------. - ·--··-·--·-·--·-···-'-····-· ..... ---------:...-~--·-. . - ------... --- -- . . . ,· -- ..... - ' -., ...• (n\s)/n -· 
.. 
-·-·------------· .. ·--~-. -----,--~. 
Here 1 likes Jane 1 has -the same type as tworks' ·1n (1), herice 'likes' has 
type, (n\s)/no Similarly we may write 1John (likes milk) 1 and even vmilk. 
'{liked John) i Q. The latter is a . grammatical sentence, though· open to 
semantic objections. 
~ple (7) raises an .important point._ Let us group this sentence . 
. . ,•. 
. (John 1ikes) 
n--n\tstn) 
Jane . 
n 
..... -h.' 
• 
-····--·- . __ : ____________ -
-~~--',---
, ·-_ ~·-·:..:: :.,_,_:.'c.c_-..=c ='':':.":!;":'~~ :-:-;_· '-'.c.c'·'-·..:: ... -"-· ••. - .• 1~~ • -·· 
• - - • 
·····._· .... --- . ,:c":i;;c:;c~~•;:;,,:.,, •.• ,.:Irere- I JOrui-1:i.k:E!s t ha.S type S/ n, -hence 'iike-~ ,--;~.t b;-·g1~;n th; ~;;--t~;- -
··-
.,._, --·~•··•·"··"· . ' 
. n\(s/n) •. We 11ould regard the two types of 8 lilres~ in (7) and (7t) as 
i~ some sense-equivalent" .Abstracting from this pa;°ticular situation, 
I), 
we i,ri te symbolically " . 
• 'I •!.•' •·' (II). , . (x\y) /z <7 x / {y/z) . . ' .. 
' . 
-.. 
' ·-
. ) . 
, .. ,..._.. r' 
• 
I . 
; I 
. I. 
. ' . 
---
. '. 
I 
,(]-··' l 0--:-.~----~~-~--:c_.;;;e•: . -- -------~-- ,_- __ . 
/ 
II_., ••• 
~--__,,....--------===-.................. ___ """"'. ___ """"' __ """"' ____ .,,,=:_ ~--_ .... _. ~_==_ ~~.....-..u.:a!!!!!!!l!!!!l!lml!!l!!l!!!!!!!_!!!!!!I!!! ____ !!!U-.--~~---~~---;-----~-.- __ ~:; -~.-'i'~. - .- -. --- . -- .... - -... -·- - .·--, . - . ---· -·-··· ·------,--. ; -: . ...:.:·,----:-....::..:....::~~ . -,--------- -·-. --~- . 
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In practical applications it is often tedious to distinguish ,., . . 
· between equivalent types., ·we then w~ite x\y/z for either side of (II)°.· 
_ Further"ex:amples of this convention, are afforded by tl1e types of 8nevern, 
. 
. 
'f'or9 and 'and* {see' Table I). To avoid multip;l.icatiori of' parelltheses 9 
. ~ 
we may also abbreviate (x/y)/z as x/y/z, and symmetrically» z\ (y\x). 
as z\ y\xo 
as x/(y/~), 
_ Ho11ever, parentheses must not be _omitted in such compounds 
, . . (z\ y) \ x, (x/y) \.z and z/(y\··x) o .;· 
Table l compares the syntactic types of the words discussed above-
- with the traditional. parts of speech •• • J • 
) 
Table 1 
. # . 
,lord Type Part of Speech 
~ '. ' ' 
·--···.,.,_, .................... . 
-: . .'/ (1) 
(2) n\ s n/n _· intransitive verb adjective 
- ---------~·-·-· ---·---·----· - .. ------ - . 
.. . --·-- -- ----- ..•• : :·· -,- - -· ·- r -.- .---,r·- -- ;- (3) 
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APPENDIX.II 
Dictionary Program and Listings 
Input to the dictionary program is pr~sently .by cards o Periods 
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Table III 
Three Letter Suf.fix Dictionary 
Suffix 
AGE 
AIN-
·ANT 
A.PH 
ARD 
ARY 
ATE 
BLE 
.,.CIE· 
_CUR 
DOM 
ECT 
EDE 
EED 
ENT 
ERY 
EST 
ETH 
ETY 
iVE 
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ISE.·. 
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LOG 
MIT 
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.SHE 
THE 
TIE 
TOR 
TRY 
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. APPENDIX III 
LECOM.Statement Format 
' __ \ . 
•, \ 
__, _ _:__ 
-~----· \ • 
" .' ~ .. 
- ··--··-·-·-·· ___ . ___________ : __ - ------ ------ - - --
--- IECOM statements or rules are in the ·form of re1~i te or 
• •11· ' 
......... 
_ ---------~~--'.- _. __ -_.- ______ :production .. rules of computational linguisticso - A LEdOM ru .. 1e· has -- ------·--- ------------·---·' ----- ···-·-·-··-------·----·----· ...... . 
... __ .., . ..,. ---···-··· -
- - ·-- - ·: ~ - " 
. •-
. rr -
J_ __ . ------ ·- ~-· ·-
-.. 
.• 
.. ·. ___ .. ,...., ..... · .. '-·-----·-·--
five sections: ·Name, Left Side, · Right Side, Dispatch and Goto 0 
• 
. • I 
',,:·:<. 
_The Nmµ.e section consists of- a __ three letter aiphan~eric rule , · 
/ 
... name· of a si_ngle -asterisk i~ the_ rule· 'i~ unnamed o 
The Left Side and Right ·Side sections are the two parts of a ' . - ;, ~ 
t·• 
. 
' 
. 
- • 
,c--:: -·! productiono · The Left Side specifies a certain stru.cture to be 
- -· - ··- ~------ ~- ----- -
located in th~ Workspace and the Right Side specifies <how t~e structure 
is to be rew.titteno 
.. 
... -J~e optional Dispatch section may contain commands that read 
-in, read·. out, print . out, s·tore and return from storage any part of 
. 
the Workspace. 
- . -- -- --------· --·-·-,-·.- .~----·-·---...' 
. 
" ' 
.. ( 
. The Goto section may· cop.tain the name of the next rule to be 
executed "if the present ru1e~fails (no ~ft Side match in the Work-
space), the n~e of the next rule to ·be executed if the present rule 
. is. satisfactory -executed or a double asterisk in 1-1hich case control I , • < 
'., 
·1s unconditionally transferred to the next S(iquential ruleo 
'. 
., 
. . - .- .-· ·-- . 
1!.·, -..;. •• ,: -·' 
... , I . , · Right Side and ·Dispatch_ references to Workspace constituents·. 
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.APPENDIX IV 
·. S&o.ple . Sentences 
' I 
• 
--r,,:---··---· .: 
.. The following sentences are taken from a para~aph' __ in ·an article· 
.entitled nM:athematical Theories of Relevance with Respect to Systems 
. . . . . . . . . . . . .. fJ . . . ··. . . . . ii' of Automatic and ~J!a.nual Indexing by .Donald Jo Hi1-1man in Automation· 
and· Scientific Communication, Part II, edited by HoP o. Luhn and · · 
. y 
. 
~ I • 
\ ' published by the. American Documentation I.nsti tute 1963. 
... 
,_,.___ I 
. . . 
. ' .- '') 
' . ) 
. . 
Text Sentence: A research prog:ram.. $ponsored by the National Science Foundation is currently underway to inves~igate.the problem_of defining and 
::·· 
., ' 
.. 
- - ------ _______ ,,.. ------
____ ..:;:· ___ '' --- -- --· ------ - - -. -- -
.. , m~tricizing -t~e mutual · relevancies of queries -
and document collections. 
: : --- . -
·-' .• --··, 
. . •.,, 
Dictionary Output 
-=· ---'---:.-A -A RESEARCH U PROGRAM N SPONSORED VD BY P THE A NATIONAL 
A SCIENCE N FOUNDATION N IS AV CURRENTLY B UNDEBr1AY U TO P . ~ 
.. ·. 
- ~·· ~- ... ,"._- --- --- ·. -----·'·-~:.__:___. _______ ,. r 
INVESTIGATE V THE A PROBLEM U OF P DEFINING VP AND Cl METRICIZING 
VP THE A MUTUAL A RELEVANCIES. N OF P QUERIES N AND Cl DOCUMENT 
.. ..:..... -·-· .•. __....... . . ---··· .. • -~-- - . - -
A COLLECTIONS No QQQ · 
.. ,.,. ,_..... . ---. __ ,.... / . 
-·· ------------ -·------------·· ---- ---·---------· ....... · . -, . -- -
- . ' -····---·-··-: 
•' ............ ; .... ~ --- •~ ......... ~ . 
--·-· •... --· - --·--··-· ---
-
- .. ~,1,tl'ltJ'i' .- .. ,,:,....\ .. 
. "·"; "·~."""T 
: · ... ~- . ·.... ,, .. --,~ 
' . ·~--· . . . . ... 
.. 
,.!' .·' .... 
Analyzer Out;Eut ... .,-:~ ·'.-_ 
• .• •-•+o - - -~; 
' .:.....- .. 
NP. A A RESEARCH A PROGRAM · N NP SPONSORED VD PS BY P NP 
. .. THE A NATIONAL A SCIENCE A FOUNDATION I~ NP PS IS V PAD CURRENTLY . . 
'· 
:i 
" 
:\ 
i1\ 
,111 
i, 
·,· 
. ' 
1· 
I 
........ ······~ .. ~ = • ~ ~~~AY ~-p~---~--~0--~~---~~~TIGA~---~~---~--~~ !!fE ~----~~Q~~ ---------.· -.~ . =-=-.·~---·-··=---·=---"" -=·· ~- t 
N NP PS OF P NP DEFINING v.e AND _ Cl METRICIZING V.P THE -A -MUTUAL·-----
_-, - -- ;! 
. 
----- ----- . ': 
- - - _ __,_, ________ -~-- ---- ~ 
I • 
A REIEVAflCIES N. NP l?S PS OF P NP .. QVERIES N.NP .A.NJ). Cl .. NP 
- -----·----··- -·----------
-- ------
-- ---- - ---- - --~- -------- ___.. - - -
-- ---- ~- - - -
. . 
.. 
DOCUMENT A 'COLIECTIONS l\J.,.NP FS QQQ ... 
• r··. 
1• 
, ... 
. 
. . 
. " . 
. .. -·· ,• 
-· .. ·. ' ' .. 
.. ' . ' 
.. . ,' .·· ' 
. 
. 
.. ·- . 
' :··.r,· 1· ' 
q 
•, · .. 
I 
. i1 
'''i+ 
I a a Q.. :; 
l 
I 
I 
'I 
J 
I • 
C-::F: ·- - • -. . . -·-·- -- .- ·-
- --· - ---- -
I ' I • ,, ,I 
' , I 46 
\• 
I , 
A . 
" •' : 
· Text Sentence.: ··It. is clear that an·_ ad.equate ·s9lution to· this 
.. - ... " .... ~···--, .... : -· .. - ' problem i_s of fundamental ·:tmportance · both·:for • .... ·· ·· -- -, 
. ' . 
I 
,1 ~:: ;;,;.,.;,~ ~ ,} . ., ·'·' 
. •; 
I . 
-. 
·-
' the theory and application or·· retrievial techniques ' ' 
for, in the apsence of such a solution·, _indexing···~.:~·.~ 
criteria have no theoretical foundation and 
, .. 
· · retrieval outputs which either fail to mention 
' . ~ 
relevant ·documents, or contain citations to ir= · · 
---------- - --~~le-van~ ·aocu.ments, · w111· be ··of · greatly limited -- ---~ ---~- ~----~----- ---~'-:-.-·.-~--~-:---- -
service to. users O · ,~···· · ..... - · 
-·- '----•P--P-•••-••M, ~ •.• ., ' 
I 
., 
' . 
- ... _,p . 
:';') 
. (Because of present sentence length. restrictions, this sentence was 
-divided 'into t1r10 sentences by altering' 8'.e o'·ot.echniques for,' in O •• " 
· to no o o techniques 6 In .. o C, ~i'' · , ··· ... 
.. ' 
-- - _,,. -- ·•-- ........ -····- , .. 
-·-
' ' 
. 1.._. · I , 
Dictiona,ry Output 
. -·-
. • IT N IS AV CL"EAR U THAT T ~. A ADEQUATE A SOLUTION~ · _ 
. --- ' j'· . --· - -· 
f, . .-, . 
·-··--·----·-·----·-·------·-'-··- ···---·-·-- ··--·-----·------·-- -·- -
' • 1 . ., ... ' 
TO p TEIS N PROBLEM u rs AV OF p 
N BOTH C2 FOR P TEE A THEORY A AND Cl APPLICATION N ·OF P 
/ t, 
.. -.·· 
RETRIEVAL A -TECHNIQUES U • QQQ. ' ' ' ' i . 
. . :,,,~--
' . 
. ~ 
. ·~-~- ·· · · IN P THE A .A.BSENCE ·N OF P SUCH A A A SOLUTION N , : 
- ' ---, .. ----·---- --------: .... •--,-·. \,• .. 
,~ . Cl INDEmG VP CRITERIA U HAVE AV NO A TB".iORETICAL ·A FOUNDATION 
' . 
- ........ 
N .AND Cl RETRIEVAL A OUTPUTS U \mICH K EITHER C2 FAIL V TO 
. {)• , ' ' ' 
_ .. ...... :.--.-~ ... -···---- - ·------· . • -··- - - ., ·- ... '···--·-- ,•.,--,. ·.-·c: ---· .... 
.._, • ._ •.• , ••It, 
•. 
P MENTION N RELEVAI'1T N DOCUMENTS A , Cl OR Cl CONTAIN V 
CITATIONS N TO P IRRELEVANT N DOCUMENTS A ,.. Cl tlILL AV BE 
,! ,·' • 
' It, • 
AV OF P GREATLY :S L.llfiiED VD SERVICE U TO P USERS N · • · QQQ 
. • . .J. 
Anallzer Output 
I • 
.. 
. ~-
. 'I'. ... 
,. ·. . . . '• . . 
_-.. r- ·-----·-·--·---- - , -. -~~~~-=.---~ ... ~ ...~ .... ~ ................................. ' .. . 
' 
! 
- l 
·' 
U, 
], 
li 
l 
/ NP AN. A ADEQUATE A SOLUTION N NP PS TO P NP THIS A PROBLEM 
' ·-
-·•·c•--·•---- ,- - ··----- -- • - ' ! __ . _______ , __________ _:__·---~--··-····-; • - ·--·-·---. 
. i'; 
-
• •··• •••••- •· ---·•••-••-u-•--·••·~-·--·-••·-•~---- ••••·•·•·•·•· •• N NP PS IS V PS OF . P NP FUNDAMENTAL A IMPORTANCE N · NP .. ----···· -··------··----·- .. ""----- ---,------ - .-- ... -- ~-- ... 
PS BOTH C2 PS FOR P NP THE A THEORY N NP AND Cl NP APPLICATION 
. ··- -·-··----·--·· ··-· ~-··· _, __ ..• . 
'I ' .~· 
r·--.. 
N NP PS PS OF P ·NP RETRIEVAL A TECHNIQUES N I~ PS QQQ 
' 
I • 
• 'ii{ 
. 
............ ,, .. _ . (. ·, ..... ' 
I ' 
' i 
I , , 
I 
' . , 
·, ... -.-, 
' '' . 
. \ .. 
·\ . . . 
.. 
-~ 
,,·· ' . 
' . 
. . ' 
- -·- .,,,-"""' ~ 
-
- -
: ., " \ 
,-41 
:.{"'''''''"";•'"'~·-" 
-.. -.-----::..-"----:---:> ... _ ._-~--PS i1'IP NP THE A ABSENCE JjJ NP PS PS OF P ~lP SUCH A-
. I 
.. Q 
·--···- ' _____ "_. ___ .. _.:..:.:_ ____ .... '__ 
... - ··- -·-- ' . 
. -_ A A SOLUTION N NP , Cl })JP. INDEXING.·.A .Cfil:';fERJCA.. N NP PS. 
-
. HAVE V l\lP NO A TBEOOETICAL. A FOUNDATION N NP AND .Cl NP RETRIEVAL 
--------- ,----- --------·· 
-~·-· ------· ---
NF RETRIEVAL A OUTPUTS N NP PS TO 
... - ' . ' ·• - -j 
::, ...... ><~--. ~ .,,·;:. '-~ ·~·· l' 
_, ,~·,' '. ... l- '. ' 
. 
. 
. 
- . 
. P NP ~ION A RELEVANT A DOCtr!'JlENTS N NP . , Cl OR Cl PS * - . -- ··.·. 
CONTAIN V NP CITATIONS N NP PS TO P NP IRREIEVANT A DOCUMENTS -- . 
. 
-
N NP 9 Cl -PS* ltlILL V BE V PS OF. P · GREATLY B LIMI*rED -
" 
, 
,. 
l 
VD NP SERVICE N NP PS PS TOP NP USERS N NP FS QQQ 
r• -
• • 
, Note: .. The starred flPS' symbola above are misplaced,and shouid .. ,qe .to .~the 
-
"- .. 
-left of I Cl n _ symbols and their correlates C) These minor errors have bee~ corrected by modifying rules 57 to 62 in a fashion 
·simiiar to rules 63 to 70. 
-
' a 
__ · __ __ Text . Sentence : It is therefore a matter for serious concern that l.2i • 
~··•. I 
very little has so far been accomplished tow-ard, establishing a · sound theory of relevance as .a basis · ... for practical operations • 
. Dictionary output 
~ 
,, 
& 
..... , " 
IT N IS AV THEREFORE BA A MATTERN FOR P SERIOUS U CONCERN' • . . (> 
U THAT T VERY N LITTLE U HAS AV SO B F.AR ·u BEEN AV. 
- ~
1
1\ 
e'I 
'l i ACCOMPLISHED VD TOWARD p ESTABLISHING VP A A SOUND u THEORY IA OF \ . I 
-------- .. ~ ~=--=---~----~~- • ~-~~!~--~--~--~---~~-.--~ --~--~~~-----!! ___ FOR _x' _P~_Q~j:~ ~ -- omBATION5,--~-'='~~-=-----~------·=-· --=--- ~c-c-=---1 
. r--:........--------------··· -------~-~-----~ 
,- ·-· --·-·. ' -- ,.·.~ .. . . -·· -· ···--·--·. -
N o QQQ 
·-. -·------··---····---
-·--·-·· -· ···--·.----- ·-··-------· . 
NP ·. VERY A LITTLE N NP BAS V PAD SO B FAR A PAD BEEN V 
. . ' " ~ 
. ·-·· - ···------·-· --·--
-~-------~-~~--·-- ------· .. 
. ... 
.. 
. ... _ ... _., - ..... 
· ACCOM.PLISBED V PS Tm1ARD P NP ESTABLISHING VP A A SOUND A THEORY 
N NP PS PS OF P NP RELEVANCE N NP PS AS C3 NP A A BASIS N NP PS -
FOR P NP PRACTICAL A OPERATIONS N .NP PS 
·=: :: I ~-= ..... " 
QQQ 
. ', 
~ ----,--.---·-··------~-•-·-·- - ,c.c, ... -,,,.,.-·;c~-- -'·,·•--·-~~--.,__-.,.,. .. ·--~-,--;:, - --- _·· --- ., -· . --,.-· . L.'.- . . -...... - ·. ~---- ,.,_- ,._ ··"·'· ·-· - . . .. --· .. -' -~---- -~- --' -•· · , --- .-.·.,. .. ,,_,· ... -··· . ~--~·-·,- - :· . _,_ .. ' -·:c .. ··-~-- --~------~·.::---,·~.-;-:;, .,, .... -., . -·_- ___ Ji.--·-;·•·-· -- ··---- -----:- : -- . - - ... -... . -- _.,_ .. ;,,,_ -
l
'i , 
'I' 
' 11, 
I 
I ,, -
,, 
;, . 
._· . . ' 
,, ' 
--- :. ····-•--,-··----- --- . -· 
.. -.. ,. . ' . 
.. l .. 
.. .. 
\'1,.·1 ,., 
,, 
\ 
Text Se.ntence: 
,::;,. .. ' 
· This ·s·eri·ous·_ situa~ion is largely the result of 
· constructing more and· more systems . of storage and · 
- ·retrieval without fi_rat recognizing· and exploring· · 
~-such crucial issues as that -of relevance·c 
Diptionarl. Out;eut .. 
- . . 
- . THIS N SERIOUS U SITUATION -N IS AV LARGELY B THE A RESULT 
. . 
-U. OF P CONSTRUCTING VP MORE A. AND Cl MORE.·.A SYSTEMS U ·oF ·· 
.. \., ' . ;-- . - . - . . . ' .. . '. 
. P STORAGE N AND Cl R'ETRIEVAL A -ti'!THOUT P FIRST U RECOG?iJIZING 
• I 
- . VP AND .Cl EXPLORING VP SUCH A .CRUCIAL A lSSUES U AS C3 THAT.. , 
. --- ·-·- . ··- .1: 
T OF P BELEV.Al.\TCE N 
• QQQ 
·Analyzer Outpu~ . , 
. . 
NP THIS A SERIOUS A SITUATION W Nl'- .IS· V NP LARGELY B THE 
. '( , . 
-A BESULT N NP PS OF P NP CONSTRUCTING VP MORE A AND Cl MORE. 
6 
A SYSmIB N NP PS PS OF P NP STORAGE N NP AND Cl NP 
-· .... -~VAL N NP PS PS . WITHOUT P NP FIRST B RECOGNIZING ·!IP· 
· .. '48 
r • 
. . . 
' - -- --- .. "" -- . 
.· . ..... , ~ 
. •' . . ·• 
'' 
' ..... 
.-,-;·.,:, .. 
''-. 1..:···. '.········ .•• 
. ···Cl ·---.·· .. 
' . 
' .. 
: . 
. . • . 
. .-··· ~ .· ', .. _ .. 
. . ..... . 
"!·'' . 
,=, 
. . 
. . . ' 
"J. • f I "t ! • 
. . . 
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